In supersymmetric SO(10) grand unified models, we examine the lepton flavor violation process µ → eγ from having the SU(2) R ×U(1) B−L gauge symmetry broken at an intermediate scale M I below the SO(10) grand unification scale M G . Even in the case that supersymmetry is broken by universal soft terms introduced at the scale M G , we find significant rates for µ → eγ with M I ∼ 10 12 GeV or less. These rates are further enhanced if the universal soft terms appear at a scale greater than M G .
ing the calculation as simple as possible, we will consider only the situation of a low value of tan β. We will choose to use the arbitrary value tan β = 2 in our examples. (However, analagous to the dependance on tan β in the case of lepton flavor violation generated by physics above the GUT breaking scale [3, 16] , using larger values of tan β tends to produce even greater values of lepton flavor violation.) tan β not being ∼ m t /m b requires two bidoublets, which transform as (2, 2, 0, 1) under the gauge symmetry G I , to account for all the standard model fermion masses in a natural fashion. As a consequence the Yukawa couplings that give masses to the tau lepton and bottom quark are small enough so that terms of order λ 12 GeV for Majorana masses as in ref. [17] and M X again taken at the reduced Planck scale. We do not find this approach theoretically well motivated, and it also suffers from the technical shortcomings of the unification scale being taken at the reduced Planck scale while the MSSM gauge couplings appearantly unify at a much lower scale M G and the scale of v R not being associated with any breaking of the gauge symmetry.
The superpotential terms which will be responsible for giving the SM fermion masses have the following form when G I is the gauge symmetry:
where all group and generation indicies have beeen suppressed, and Q L,R and L L,R represent the quark and lepton superfields which transform as doublets under SU(2) L or SU(2) R and Φ 1 and Φ 2 are the two bidoublets. We have assumed that Φ 2 contains the MSSM Higgs doublet which gives masses to the up quarks and Dirac masses for the neutrinos. Φ 1 contains the doublet which gives masses to the down quarks and the charged leptons. These Yukawa couplings run in G I as follows:
where j refers to generation and i refers to the gauge group,
and we have used
where t = ln (µ/GeV) with µ being the scale. Now we give the RGEs for the soft SUSY breaking parameters which we need in the effective G I theory. First of all, there are gaugino masses M i corresponding to each g i .
Secondly, corresponding to each tri-linear superpotential coupling λ i there is a tri-linear scalar term with the coupling A i λ i at M X . Finally there are soft scalar mass terms for each of the the fields Q L,R , L L,R , and Φ 1,2 . The RGEs for these parameters are as follows:
and
At the scale M G , we assume a universal form to the soft SUSY breaking parameters
i.e. all gaugino masses
, all tri-linear scalar couplings A i (M G ) = A 0 , and all soft scalar masses m
and leptons become unified in SO (10) . At the scale M I , we match the G I effective theory parameters with the MSSM parameters in the usual fashion. We run all the RGE's according to MSSM [18] [19] [20] down to the top scale which we take to be 175 GeV. All RGEs are integrated numerically. We note that since the rank of the SM gauge group is one less than G I , the soft scalar masses may receive D-term contributions proportional to an additional parameter at the intermediate scale, however for simplicity we take this extra unknown parameter to be zero.
We examine three unification scenarios as our examples. Since in all of our examples no 126 + 126 representation fields are used to be compatable with superstring derived models, SO(10) singlets are used to give neutrino Majorana masses as explained in Ref. [21] . Also, in all the models we will discuss the value of the b-quark running mass m b tends to be in the vicinity of 4.9 GeV, which is a little high, however thethreshhold corrections to m b caneasily be of the order of 10-percent [22] . Also, whatever operators give masses to the other two generations of down quarks and charged leptons could be of the right size to fix this problem.
Scenario (a): This model is Case V of Ref. [13] . In the effective theory above the scale M I , the number n H of bidoublet, (2, 2, 0, 1), copies is two and number n X of SU(2) R doublet,
(1, 2, 1/2, 1) + (1, 2, −1/2, 1) copies belonging to 16 + 16 representation of SO (10), is four.
The scalar components of these right-handed doublets develop the vacuum expectation value (VEV) which breaks G I to the SM gauge group. In this scenerio, we use M I ≈ 10 For all three scenarios, we run the gauge couplings at two-loops although we neglect the small effect with low tan β of the Yukawa couplings on the gauge coupling running. The G I gauge beta functions for Scenarios (a) and (c) are given in Ref. [24] . The G I gauge beta functions for Scenario (b) are given in Ref. [23] .
The expression with which we calculate the width for µ → eγ is given by Eqs. (29)-(31) in Ref. [2] . This expression [25] for the width has been determined from the mass interaction basis, which is an excellent approximation for the low tan β parameter space which we consider. The CKM elements needed for the amplitude are calculated at the intermediate scale. We use the neutralino mass matrix as given by Eq. (44) of Ref. [19] .
In Fig. 1-3 , we show our results by plotting the function
where B is the predicted µ → eγ branching ratio and B exp = 4.9 · 10 −11 being the experimental 90 % confidence limit upper bound on the branching ratio. In all the figures, we assume that the universal M G scale tri-linear soft scalar interaction coupling A 0 = 0. In any parameter space which we show, we have checked that the lightest slepton is not lighter than 43 GeV and the lightest neutralino is not lighter than 20 GeV, so as to be consistent with their experimental lower bounds of these masses. In general, we will find that µ < 0 gives a greater branching ratio than µ > 0, where µ is the bi-linear MSSM Higgs superpotential coupling which we have calculated at the tree level (see, for example, Eq. (22) of Ref. [19] ). This is because with A 0 = 0, A i is always negative at the weak scale, and the part proportional to µ tan β + A i in the µ → eγ amplitude has the dominant contribution.
In GeV, rather than l r montonically increasing as M I is decreased. This is caused by the fact that the gaugino contribution to the scalar masses is increased with decreasing M I and that λ Lν τ is no longer of order λ Qt at the intermediate scale since it has a much lower fixed point than λ Qt .
With M X taken at the reduced Planck scale, as expected one finds an enhanced branching ratio for µ → eγ. It is almost impossible to find parameter space with smaller values of µ (i.e. |µ| < 500 GeV). As a result the parameter space gets restricted. As an example, in the scenerio (a) ,the l r is 1.61 when m 0 = 100 GeV and m 1/2 = 400 GeV with µ is around 800
GeV. A similar situation also happens in the cases of other two scenerios.
Between the GUT and the intermediate scale, the large tau-neutrino Yukawa coupling affects the slepton sector only; the flavor violation in the quark sector does not get modified significantly by the inclusion of this intermediate scale. This implies that the parameter space analysis by the constraint from b → sγ with the universal soft terms at the GUT breaking scale [26] or at the reduced Planck scale [27, 16] still holds in this case unless light SU(2) R gauge fields exist [28] .
In conclusion, we find that an intermediate gauge symmetry breaking is a significant source of lepton flavor violation in SUSY SO(10) models with GUT scale uniform soft SUSY breaking terms. In fact, the present limit on µ → eγ rate already puts some limits on the soft breaking parameters m 0 and m 1/2 . The cause of the lepton flavor violation is simply that the tau-neutrino's Yukawa coupling is equal to that of the top quark at the GUT scale and that the tau neutrino Yukawa coupling reduces the mass of the third generation sleptons relative to that of the first two generations via the coupling evolution from the GUT breaking scale down to the intermediate breaking scale. Of course in such models, if the scale at which these soft terms appear is higher than the GUT breaking scale, for example at the reduced Planck scale, the predicted rate of lepton flavor violation gets enhanced as well. We shall present other conscequences of an intermediate gauge symmetry, such as additional contributions to the electric dipole moments of the electron and neutron, in a more detailed publication.
Although as we have discussed an intermediate scale can be useful and offers interesting phenomenology, perhaps a difficulty with the class of models that we have considered is that there is an additional scale of symmetry breaking to be explained. However, our results do not depend on the nature of the mechanism that determines this scale.
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